The metathesis reaction of strontium diiodide [(thf) (9) can be isolated. Reaction of this complex with 1,2-dimethoxyethane or metalation of N-isopropylaniline with dibutylmagnesium in DME yield the dme adduct, [(dme)Mg{N(Ph)iPr} 2 ] (10). The crystal structures show that the nitrogen atoms of the magnesium-bound N-isopropylanilide ions are in planar environments whereas strontium-bound N-isopropylanilide ions show rather short contacts between the alkaline earth metal and the ipsocarbon atoms of the phenyl groups leading to a pyramidalization of the coordination of the nitrogen atoms.
Introduction
The number of amides of the alkaline earth metals was limited for a long time to diverse magnesium derivatives and very few calcium complexes [1] . The heavier congeners attracted some interest only a few years ago [2 -5] . The need of highly reactive superbases initiated the development of a variety of concepts in order to enhance the reactivity of s-block organometallics [6, 7] . Based on magnesium amides, the "inverse crowns" of mixed s-block metal amides exhibit an intriguing reactivity [8 -11] allowing isolation and characterization of doubly deprotonated and captured substrates. In general, synthesis of heterobimetallic organometallics such as s-block metal zincates or alkali metal calciates represents a valuable concept to alter the reactivity of organometallics [12] . Another strategy to enhance the reactivity is the use of heavier s-block metals thus enhancing the polarity of the metal-nitrogen bond and, hence, the nucleophilicity of the amide ion and the ionic nature of the complex. However, the very limited number of strontium and barium amides is in striking contrast to the comprehensive knowledge on magnesium and calcium amides.
Strontium bis[bis(trimethylsilyl)amide] complexes represent the first examples of strontium amides that are soluble in common organic solvents allowing homogeneous reaction conditions. These complexes were prepared via transmetalation from M[N(SiMe 3 ) 2 ] 2 with M = Hg [13] , Sn [14, 15] . Deprotonation of bis(trimethylsilyl)amine with pyrophoric strontium in tetrahydrofuran (THF) yielded [(thf) 2 Sr{N(SiMe 3 ) 2 } 2 ] which gave polymeric [(diox)Sr{N(SiMe 3 ) 2 } 2 ] ∞ after exchange of both thf ligands by one 1,4-dioxane molecule (diox) [16] . This metalation reaction of amine with strontium metal can also be catalyzed by BiPh 3 [17] . Recently, the synthesis of imidazol-2-ylidene adducts [(L)Sr{N(SiMe 3 ) 2 } 2 ] allowed the stabilization of the unusual small coordination number of three at the strontium center [18] .
Substitution of one trimethylsilyl group by a bulky aryl rest ensures solubility in ethers and leads to substituted strontium bis(N-trimethylsilylanilides) [19, 20] . Recently, related compounds Me 2 Si(NDipp) 2 Ae(thf) n (Ae = alkaline earth metal) were reported containing a bidentate bis(amido)silane backbone [21] . Decreasing steric demand of the anilido ligands leads from monomeric [(thf) 4 [25] . The alkaline earth metal amides M(NH 2 ) 2 are salt-like solids which are insoluble in common organic solvents [26, 27] ; nevertheless, they recently regained considerable interest and were characterized by solid-state NMR techniques [28, 29] . Based on ab initio studies, Kaupp and Schleyer [30, 31] predicted a bent structure for mononuclear Sr(NH 2 ) 2 with a N-Sr-N bond angle of 131.7 • whereas the homologous calcium bis(amide) was calculated as a linear molecule.
Silyl-free bidentate amido bases have also been known for several years. Pyrazolates bind via both nitrogen atoms to the large and soft heavy alkaline earth metals strontium and barium, Side-on coordination to the π systems was not observed in the solid state [32, 33] . Reduction of 1,4-diaryl-1,4-diaza-1,3-butadiene with strontium in THF yielded products with the corresponding bidentate 1,2-bis(amido)ethene base acting as a bidentate ligand [34] . In 2,5-bis(Naryliminomethyl)pyrrolyl complexes of strontium this ligand acts as a tridentate base [35] .
The interest in the amides of strontium has increased also due to the fact that these complexes showed catalytic activity [36, 37] in the Tishchenko reaction [38] , intramolecular [39, 40] and intermolecular hydroamination of alkenes and alkynes [41] , and hydrophanylation of carbodiimides [42] . For the calcium complexes we could show that the catalytic reactivity of N-alkyl substituted anilides is significantly enhanced compared to the diphenylamides (N-phenylanilides) [43] whereas the strontium bis[bis(trimethylsilyl)amide] exhibited a higher catalytic activity than the homologous calcium congener [39 -41] . Therefore, we combined these strategies to prepare the extremely reactive strontium bis(N-isopropylanilides) and investigated the influence of the neutral Lewis bases (ethers and amines) on the solid-state structures. In order to understand the dependency between reactivity and size of the alkaline earth metal atoms we included studies on magnesium bis(Nisopropylanilides) and compared these complexes with the already well-known calcium derivative [44] .
Results and Discussion

Synthesis
In a metathetical approach a THF solution of strontium diiodide [(thf) 5 [44, 46] and strontium diiodide [46] , respectively, we carefully followed the ideal stoichiometry shown in Eq. 1 in order to avoid the formation of these strontiates. The strontium bis(amide) 1 was formed quantitatively and precipitation of KI was observed. After removal of all solids by filtration and cooling of the solution crystalline 1 was isolated.
Ligand exchange reactions were successfully carried out after complete drying of 1 and addition of 1,2-dimethoxyethane (DME), tetramethylethylenediamine (TMEDA), and pentamethyldiethylenetri- 
NMR spectroscopy
With an increasing electronegativity difference between the metal and the nitrogen atoms, an increasing ionic nature of the M-N bond is expected [47] . This dependency has already been demonstrated for the alkali metal hydrides, methanides, cyclopentadienides, amides, fluorides, and hydroxides, and a similar relationship is true for the alkaline earth metal derivatives as was demonstrated for the alkaline earth metal bis(methanides). For such ionic molecules it can be envisioned that the influence of the neutral coligand and of the coordination number of the metal on the chemical 1 H (Table 1 ) and 13 C NMR shifts (Table 2) is negligible. 
Molecular structures
The NMR data suggest a far-reaching similarity of the structural features of the N-isopropylanilide ions regardless of the central alkaline earth metal ion. Molecular structure and numbering scheme of [(thf) 4 Sr{N(Ph)iPr} 2 ] (1) are depicted in Fig. 1 . Due to steric reasons the octahedral environment of the strontium center is heavily distorted. The thf ligands are squeezed together, and the bulky amido ligands are bent towards the thus formed gap. The mean Sr-N distance (257.1 pm) is slightly larger than observed in [(dme) 2 Sr{N(SiMe 3 ) 2 } 2 ] (Sr-N 253.8 (7) pm, av. Sr-O 265.5 pm [59] ) caused by enhanced steric repulsion between the thf ligands and the anilido ions. Contrary to this observation, the average Sr-O bond length of 1 (261.9 pm) is smaller; this finding hints toward steric requirements as dominating factors in the molecular structures of these ionic complexes.
The above mentioned delocalization of anionic charge within the anilido unit leads to a shortening of the N-C Ph bond lengths (av. N-C Ph 135.9 pm) whereas the N-C iPr distances show a significantly larger average value of 147.5 pm. Due to the fact that electrostatic interactions dominate the molecular structure, the Sr-N distances play a much more significant role than the planar environments of the nitrogen atoms which allows adaption to steric requirements. Due to this fact also strongly deviating Sr-N-C Ph and Sr-N-C iPr bond angles are observed.
The molecular structure and numbering scheme of were also observed for [(thf) 2 Mg{N(SiMe 3 ) 2 } 2 ] with bulky bis(trimethylsilyl)amide ions [13] .
The molecular structure and numbering scheme of [(dme)Mg{N(Ph)iPr} 2 ] (10) are shown in Fig. 6 . This compound crystallized in the orthorhombic space group Fdd2 with 48 molecules in the unit cell with two whole molecules A and B and two half molecules C and D in the asymmetric unit. Only molecule A is depicted in Fig. 6 . As expected, the magnesium atom is in a distorted tetrahedral environment with the dme ligand acting as a bidentate Lewis base. As observed for the above mentioned magnesium anilides, a significant backdonation of charge from nitrogen atom with its planar coordination into the phenyl group leads to rather short N-C Ph bonds whereas the N-C iPr bond lengths are nearly 10 pm larger.
Selected structural parameters of these anilido complexes are compared in Table 3 with the data of the alkaline earth metal bis[bis(trimethylsilyl)amides]. Due to intramolecular steric and electrostatic repulsion a larger coordination number of the metal center leads to a lengthening of the M-N bonds. This strain also influences the distances between the metal ion and the neutral coligands. In distorted tetrahedral structures a widening of the N-M-N bond angles is observed. A remarkable difference is found for the complexes [(dme) 2 Sr(NRR ) 2 ]: in the bis(trimethylsilyl)amide there is a trans-arrangement of the amide ions whereas for the N-isopropylanilide the cis-isomer is favored.
The substructures and coordination properties of the N-isopropylanilide ions are listed in Table 4 . Magnesium-bound anilides show sums of angle at the nitrogen atoms close to 360 • whereas for the heavier alkaline earth metals these values deviate from that for a planar arrangement. The C Ph -N-C iPr bond angles vary within a very small range and are slightly smaller than 120 • due to the presence of a free electron pair (carrying the anionic charge) at the sp 2 -hybridized nitrogen atom.
In general the M-N-C Ph bond angles are significantly smaller than the angles to the isopropyl groups M-N-C iPr . This finding is caused by electrostatic attraction between the metal ions and the ipso-carbon atoms C ipso of the phenyl groups. The rather soft strontium atom can form strong bonds not only to rather hard Lewis bases such as ethers and amines, but also to the soft π systems of the phenyl groups, supported by back-donation of negative charge from the N atom into the phenyl ring leading to short N-C Ph bonds and to rather small Sr-C ipso distances. Whereas the magnesium derivatives are coordinatively saturated by the hard Lewis bases, the larger calcium atoms show an average Ca-C ipso distance of 317.7 pm. In comparison to monomeric alkaline earth decamethyl metallocenes MCp* 2 (Mg-C 234.1, Ca-C 260.9, and Sr-C 275.0 pm [65] ) the Ca-C ipso values of [(thf) 3 Ca{N(Ph)iPr} 2 ] are 21.8 % larger than those of decamethylcalcocene. Despite a larger radius of Sr 2+ (132 pm [48] ) as compared to Ca 2+ (114 pm [48] ), smaller Sr-C ipso distances are found, and a short contact is often also real- (9) . The different coordination behavior of the terminal and bridging anilide ions clarifies the influence of the coordination number at the nitrogen atom on the M-N and N-C bond lengths. The molecular structure and numbering scheme of 9 is depicted in Fig. 7 . Again this molecular structure is similar to that of the dimeric [(Me 3 Si) 2 N-Mg{µ-N(SiMe 3 ) 2 }] 2 with mean Mg-N t and Mg-N br bond lengths of 197.5 and 215.1 pm, respectively [67] . Slightly smaller intramolecular strain in 9 leads to marginally smaller bond lengths (average Mg-N t 197.0, Mg-N br 210.0 pm). In a covalent bonding model sp 3 hybridization of the bridging nitrogen atoms N1C and N1D can be assumed which hinders charge back-donation from the nitrogen atom into the phenyl ring. This situation causes a significant elongation of the N-C Ph bond (average N t -C Ph 137.8, N t -C iPr 146.4 pm; N br -C Ph 143.5, N br -C iPr 149.7 pm), but the N br -C iPr distance also is lengthened due to increased steric strain at a tetracoordinate nitrogen atom leading to smaller C-N-C bond angles at the bridging N atoms (mean C-N t -C 117.3 • , C-N br -C 113.9 • ).
The molecular structure and numbering scheme of [(tmeda)(nBu)Mg{N(Ph)iPr}] (6) is depicted in Fig. 8 . The tetracoordinate magnesium center is in a distorted tetrahedral environment with Mg-N and Mg-C bond lengths in common ranges [68 -71] (Mg1-C10 214.9(2), Mg1-N1 204.7(2), Mg1-N2 225.4(2), and Mg1-N3 222.9(2) pm). As expected, the Mg-N bonds to the negatively charged amide ions are much shorter than those to the neutral tmeda base.
In summary, the N-isopropylanilide ion contains a sp 2 -hybridized nitrogen atom with significant charge delocalization from the N atom into the phenyl ring. If this amide ion is bound to a metal atom with a rather high electronegativity such as Mg, a significant covalent bond character leads to a planar environment of the nitrogen atom. The alkaline earth metal atom it- (9) . The asymmetric unit contains the whole molecule, the magnesium atoms are distinguished by the letters "A" and "B", the anilido substituents by the letters "A" and "B" for terminal and by "C" and "D" for bridging ions. H atoms are omitted. self favors a (distorted) tetrahedral coordination sphere suggesting sp 3 hybridization. By contrast, in highly ionic complexes attractive electrostatic forces dominate the structures leading to small M-N distances, but the isopropyl groups turn towards coordination gaps thus yielding to steric requirements. In addition, the coordination number of the metal atoms in these ionic complexes usually exceeds four in order to maximize electrostatic attractions, limited only by intramolecular steric strain. Due to the fact that covalent bonding contributions can be neglected, any pyramidalization of the coordination geometry of the N atom is mainly a consequence of intramolecular steric repulsion between all ligands.
Conclusion
The N-isopropylanilides of magnesium are accessible with good yields via metalation of the secondary amine with commercially available dibutylmagnesium.
In the presence of TMEDA the heteroleptic intermediate [(tmeda)(nBu)Mg{N(Ph)iPr}] is obtained. In the presence of chelate bases such as 1,2-dimethoxyethane or TMEDA, the corresponding complexes are formed. Due to the lack of "simple" dialkyl-and diarylstrontium precursors [72 -77] an alternative procedure had to be applied for the strontium analogs. In a metathetical approach, potassium N-isopropylanilide was reacted with strontium diiodide in THF because the KI by-product is extremely sparingly soluble in this ether. For this strategy it is mandatory to obey to the exact stoichiometry in order to avoid formation of strontiates such as K 2 Sr{N(Ph)iPr} 4 (excess of potassium anilide) [46] or of iodide-containing products (excess of SrI 2 ). In a second reaction step the thf ligands can (at least partially) be exchanged by multidentate Lewis bases such as dme, tmeda, and pmdeta yielding monomeric complexes with penta-or hexacoordinate strontium centers.
From all these compounds, tetrahydrofuran complexes of the type [(thf) n M{N(Ph)iPr} 2 ] can be isolated with n depending on the size of the metal center (Mg: n = 2, Ca: n = 3, Sr: n = 4). The thf ligands can be exchanged by multidentate ligands such as dme, tmeda, and for strontium also by pmdeta. Upon dissolving the compounds in tetrahydrofuran, the thf complexes are reformed due to the large excess of the solvent molecules. The magnesium-bound N-isopropylanilide ions show planar coordination at the nitrogen atom with significant back-bonding from the lone pair at N into the π system of the phenyl group. This fact leads to rather short N-C Ph bonds. Due to the fact that the magnesium atoms are located in the anilido plane, no direct interaction between this alkaline earth metal atom and the π system of the phenyl ring is possible. In the N-isopropylanilides of strontium the interaction of the heavy alkaline earth metal with the ipso-and ortho-carbon atoms of the phenyl fragment leads to significantly different proximal N-C Ph and distal N-C iPr bond angles. In addition, and as a consequence of these π interactions, a slight pyramidalization occurs at the nitrogen atoms. These structural features are also observed in isoelectronic benzyl derivatives and are far less pronounced in the calcium derivatives. Thus, strontium ions exhibit characteristic properties of a soft Lewis acid whereas the hard magnesium ions are less electropositive favoring Mg-N bonds with significant covalent character. Calcium also represents a Lewis acidic metal ion with the tendency to interact with the π system of the anilide ion, but this behavior is less pronounced than for the heavier alkaline earth metal.
Experimental
General remarks
All manipulations were carried out under anaerobic conditions in an argon or nitrogen atmosphere using standard Schlenk techniques. The solvents were dried according to common procedures and distilled in an argon or nitrogen atmosphere; deuterated solvents were dried over sodium, degassed, and saturated with argon or nitrogen. The yields given are not optimized. 1 H and 13 C{ 1 H} NMR spectra were recorded on Bruker AC 200, AC 400, or AC 600 spectrometers. Chemical shifts are reported in parts per million. The residual signals of [D 8 ]THF were used as internal standards for the 1 H and 13 C NMR spectra. All compounds were very sensitive towards moisture and air and therefore, we were unable to obtain reliable data from the elemental analysis. None of these alkaline earth metal complexes showed a sharp melting point due to loss of coligand and decomposition reactions upon heating.
Synthesis of [(thf) 4 Sr{N(Ph)iPr} 2 ] (1)
Solid (thf) 4 
Synthesis of [(dme) 2 Sr{N(Ph)iPr} 2 ] (2)
Solid [(thf) 4 Sr{N(Ph)iPr} 2 ] (160 mg, 0.24 mmol) was dissolved in 1 mL of DME and stored at -20 • C. This procedure led to formation of crystalline colorless 
Synthesis of [(tmeda)(thf)Sr{N(Ph)iPr} 2 ] (3)
Solid [(thf) 4 Sr{N(Ph)iPr} 2 ] (160 mg, 0.24 mmol) was mixed with 2 mL of TMEDA. Due to the fact that a turbid reaction mixture was formed, additional 0.5 mL of THF had to be added for full dissolution. Storage at -20 • C yielded colorless crystals of 3. 
Synthesis of [(pmdeta)Sr{N(Ph)iPr} 2 ] (4)
Solid [(thf) 4 Sr{N(Ph)iPr} 2 ] (160 mg, 0.24 mmol) was dissolved in 2 mL of PMDETA and 0.5 mL of THF and warmed to 60 • C until a clear solution was formed. During cooling to room temperature a colorless solid precipitated which was collected on a frit. Storage of the mother liquor at −20 • C gave another crop of crystals suitable for X-ray structure analysis. 
Synthesis of [(thf) 2 Mg{N(Ph)iPr} 2 ] (5)
Mg(nBu) 2 (2.8 mmol, 2.8 mL of a 1 M n-pentane solution) was added to a solution of N-isopropylaniline (0.71 mL, 5.6 mmol) in 40 mL of THF at 0 • C. The solution was stirred and warmed to r. t. while evolution of a gas was observed. After stirring for 16 h at r. t. the volume of the solution was reduced to 6 mL. Colorless crystals precipitated overnight at r. t. yield: 881 mg (2.02 mmol, 72 %). 
Synthesis of [(tmeda)(nBu)Mg{N(Ph)iPr}] (6) and [(tmeda)Mg{N(Ph)iPr} 2 ] (7)
N-Isopropylaniline (813 mg, 6 mmol) was added at r. t. to 3 mL of a 1 M solution of Mg(nBu) 2 in n-pentane containing 370 mg of TMEDA (3.2 mmol) and 5 mL of Et 2 O. Formation of a gas, increase of temperature and formation of a colorless precipitate were observed. The mixture was stirred for 68 h at r. t. The solid material was collected and shown to consist of pure microcrystalline 7, yield: 589 mg, 1. 
Synthesis of [(dme)Mg{N(Ph)iPr} 2 ] (10)
Mg(nBu) 2 (3 mmol, 3 mL of a 1 M n-pentane solution) was added to a solution of N-isopropylaniline (0.8 mL, 6 mmol) in 8 mL of DME at 0 • C. The solution was stirred and warmed to r. t. while evolution of a gas was observed. After stirring for 67 h at r. t. the volume of the solution was reduced to 6.5 mL. 
Crystal structure determinations
The intensity data for the compounds was collected on a Nonius KappaCCD diffractometer using graphitemonochromatized Mo K α radiation. Data were corrected for Lorentz and polarization effects but not for absorption [78, 79] . The structures were solved by Direct Methods (SHELXS [80] ) and refined by full-matrix least squares techniques against F 2 o (SHELXL-97 [81] ). All hydrogen atoms bound in compound 6 were located by difference Fourier syntheses and refined isotropically. The other hydrogen atoms were included at calculated positions with fixed displacement parameters. All non-hydrogen atoms were refined anisotropically. XP (Siemens Analytical X-ray Instru- Table 5 . Crystal data and refinement details for the Xray structure determinations of compounds 1-6, 9, 10. ments, Inc.) was used for structure representations. Crystallographic data as well as structure solution and refinement details are summarized in Table 5 . CCDC 924051 (1), CCDC 924052 (2), CCDC 924053 (3), CCDC 924054 (4), CCDC 924055 (5), CCDC 924056 (6), CCDC 924057 (9), and CCDC 924058 (10) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
